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ABSTRACT 
Sections of Rhodospirillum rubrum cells from cultures of different ages have been examined to 
obtain information on the dcvelopmcnt of chromatophores in this organism. Cells from the 
12-hour culturcs studied contain ncither distinct invaginations  of the cytoplasmic membranc 
nor distinct chromatophores.  The  first  structures  that  can  be  related  to  chromatophorc 
dcvelopment occur pcriphcrally in the cells, arc relatively few in number, relatively high in 
density, and havc an indistinct membranc. In cells from 26-hour cultures numerous distinct 
invaginations of thc cytoplasmic mcmbrane are present, and all layers of thc cytoplasmic 
membrane are involved in the formation of each invagination. As the invaginations  become 
more numcrous, thc  ends of the invaginations become constricted to  form one or  more 
structures similar to  thc  chromatophorcs  previously described  in this organism.  Cclls  of 
R.  rubmm, therefore,  dcvelop  a  structural  continuum which  initially consists  of invagi- 
nations of the cytoplasmic membrane, and later of the chromatophores produced by and 
attached to thcse  invaginations. Thc prescnce of this continuum, however, does not neces- 
sarily exclude thc  existence of discrctc  chromatophorcs  within these  cells.  Several  othcr 
structures prcviously rcportcd in this organism arc described in grcater detail. 
INTRODUCTION 
The internal structure of the photosynthetic bac- 
terium Rhodospirillum rubrum has  been the subject 
of several previous investigations. Initially (19)  it 
was  shown  that  photosynthetically grown  cells 
contained structures comparable to  the  pigment- 
bearing  "chromatophores"  isolated  from  this 
organism  by  Schachman,  Pardee,  and  Stanier 
(16).  It was later demonstrated that photochem- 
ically active chromatophores  are  also  formed  in 
cells  grown  in  the  dark  under  reduced  oxygen 
tension  (15).  In  addition  to  the  formation  of 
chromatophores, however, this organism is capable 
of further  internal differentiation, and  produces 
other internal structures whose  physiological sig- 
nificance is  undetermined  (7). 
Several lines of indirect evidence have  led  to 
suggestions  that the chromatophores of R.  rubrum 
are associated  with the cell wall (13)  or with the 
cytoplasmic  membrane  (18).  Recent  cytological 
studies (2,  3)  have presented evidence that there 
may be an association between the chromatophores 
and the cytoplasmic membrane. 
The  present  investigation was  undertaken  to 
compare  earlier  observations  (6,  7)  with  results 
obtained using embedding and staining methods 
subsequently introduced, and to obtain additional 
information  on  the  development  of  chromato- 
phores in this organism. 
MATERIALS  AND  METHODS 
Cultures  of RhodospiriIlum rubrurn strain S 1 van Niel 
were grown and sampled  as previously described  (7) 
exccpt that the medium was neutralized with NaOH 
instead of KOH. Incident light  intensity was about 
279 350 ft-c as measured with a Weston model 756
illumination meter .
Serial transfers were made every 8 to 12 hours for
5 days to produce cultures of different ages. As
previously indicated (7) the ages of these cultures
should be considered approximate and are used only
to establish the relative ages of the cultures . Fig . I
shows the growth characteristics of cultures grown
under conditions comparable with those employed in
the culture of bacteria used in the cytological studies .
Cells were prepared for sectioning by fixation in
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FIGURE 1 Changes in cell mass and bacteriochlorophyll concentration in cultures of Rhodospirillum
rubrum grown as indicated under Materials and Methods .
THE JOURNAL OF CELL BIOLOGY . VOLUME 25, 1965
either 2 per cent potassium permanganate or 1 per
cent osmium tetroxide dissolved in Veronal-acetate
buffer (14) . Following fixation the cells were stained
in % per cent uranyl acetate in Veronal-acetate (9),
dehydrated, and embedded in Epon 812 (10) .
Sections were prepared with a Porter-Blum MT-1
microtome using a diamond knife, and examined with
an RCA EMU-3F electron microscope . Sections of
Os04-fixed material were stained with solutions of
lead salts (11, 20) unless otherwise noted . Sections of
permanganate-fixed material were not stained .RESULTS 
The term "chromatophore" will be used to describe 
both  the  pigmented  particles  isolated  from  this 
organism  (16)  and  the  structurally  similar  cyto- 
plasmic  bodies visible within sectioned cells (I,  5, 
7,  19).  While this concept of the "chromatophore" 
now proves to be inadequate,  its use is continued 
hcre in preference to the introduction of ncw tcrms 
at  this  time.  Invaginations  of  the  cytoplasmic 
membrane  will be  termed  "invaginations." Since 
the  photosynthetic  pigments  of  R.  rubrum have 
not been localized within the cell, the term "photo- 
synthetic apparatus"  can  currently  refer  only  to 
the pigmented particulates isolated from disrupted 
cells  (6,  16).  If isolated  chromatophores  are  con- 
sidered "structural artifacts"  (3)  then the identifi- 
cation  of a  structurally definable  "photosynthetic 
apparatus"  within  these cells becomes even more 
tenuous.  While the term "photosynthetic" appara- 
tus" may be useful as a generalized concept, it is cur- 
rently cytologically undefinable  in R. rubrum, and 
might profitably be reserved for more specific use 
in  the  future. 
The cells of Figs. 2  to 4  are from three different 
12-hour  cultures.  The  contrast  within  these  sec- 
tioned  cells  is  superior  to that  of earlier methac- 
rylate preparations  (Fig. 3,  reference  7).  Chroma- 
tophores  are  not  distinguishable  in  Fig.  2.  Based 
upon  the  structures  occurring  in  cells from  older 
cultures,  the  structures  indicated  at  I  in  Figs.  3 
and  4  are assumed  to represent early stages in the 
development  of either  invaginations  of the  cyto- 
plasmic  membrane  or chromatophores. 
Fig.  5  represents  a  cell from a  26-hour  culture 
and  shows  that  invaginations  of the  cytoplasmic 
membrane  are both numerous  and  distinct,  while 
only one or two distinct chromatophores  are visi- 
ble.  Fig.  6  shows  that  both  dense  layers  of the 
cytoplasmic membrane  are involved in the forma- 
tion of the invaginations.  These invaginations are 
also shown  in the OsO4-fixed material in Figs.  14 
and  15. 
Additional  configurations  are  associated  with 
the  invaginations  of  the  cytoplasmic  membrane 
seen  in  Figs.  7  to  10,  which  represent  cells from 
26- and 42-hour cultures.  The areas at D  in Fig. 9 
FIGURE 2  Figs. £ to 4 are sections of cells from sepa- 
rate  12-hour  cultures.  Chromatophores are not distin- 
guishable in this section. OsO4 fixation. )< 70,000. 
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cating  that  the  cytoplasmic  membrane  may  be 
involved  in  more  than  one  invagination  before 
returning  to  its  normal  position.  In  Fig.  7  the 
invagination  indicated  at  I  is  elongated  and  its 
distal  end  is  enlarged.  This  may  represent  an 
intermediate  condition between  the invaginations 
seen  in  Figs.  5  and  6  and  the  structures  at  C  in 
Figs. 8  to  10, which indicate a  continuity between 
the original invagination of the cytoplasmic mem- 
brane and one or more chromatophores extending 
into  the  cytoplasm  of  the  cell.  The  diameter  of 
these  chromatophores  varies  between  about  600 
to 900 A, which is similar to that reported by other 
investigators  (5,  19).  It  would  appear,  therefore, 
that the distal end of the original invagination en- 
larges and forms one or more consecutive chroma- 
tophores  by some method  of constriction  or  bud- 
ding, and that these newly formed chromatophores 
remain  attached  to  the  original  invagination  for 
an  undetermined  period  of time. 
The long invagination of the cytoplasmic mem- 
brane  in Fig.  11  is occasionally encountered,  and 
in some planes of sectioning this area appears as an 
island  of cytoplasm between the cell wall and  cy- 
toplasmic membrane. Whether this is another type 
of invagination, or whether it merely failed to form 
chromatophores  is open to speculation. 
Prolonged  periods  of fixation  in  OsO~ at  room 
temperature  sometimes produce  separation  of the 
cell wall of R. rubrurn, as in Fig.  12.  In such cases 
there  is  no  observable  connection  between  the 
cell wall and  the chromatophores. 
Figs.  15 to  17 show several structures  previously 
reported  (7)  in  cells  from  older  cultures  of  R. 
rubrum.  These  structures  were  observed  infre- 
quently  in  the  4-  and  5-day  cultures  used  in the 
present  study  and  are  not  characteristic  of these 
cultures.  The individual lamellae in Fig.  15 meas- 
ure  30  to 40 A  in width and  occur in pairs.  The 
circular cytoplasmic bodies seen in Fig.  16 follow- 
ing  OsO4  fixation  and  in  Fig.  17  following per- 
manganate  fixation  are  larger  and  structurally 
more  complex than  chromatophores.  They  range 
from about  125  to 250 m# in diameter,  including 
the  surrounding  membranes,  but  some  of  this 
variation  in  diameter  undoubtedly  results  from 
the  plane  of sectioning.  In  some areas  of Fig.  16 
these  bodies  are  interconnected  by  membranes 
which are continuous  with the cytoplasmic mem- 
brane. 
The structure recently described as a"polar cap" 
in R.  rubrum (3)  and  as  a  "polar  membrane"  in 
Spirillum  serpens (12),  and  also  observed  in  R. 
molischianum (8),  is shown  in  Figs.  18  to  21.  This 
structure  consists  of two  outer  dense  layers  con- 
nected to an inner dense layer by what appear  to 
be perpendicular striations.  If the two outer layers 
are considered to represent the cytoplasmic mem- 
brane,  it is obvious that  a  change  in the staining 
properties of the cytoplasmic membrane occurs in 
these regions. This structure appears to be terminal 
in Fig.  18,  but is non-termlnal in Figs.  19 and  20. 
It is not  associated  with  chromatophores  in  Figs. 
18  and  21,  but  chromatophores  are  present  in 
the cytoplasm beneath it in Figs.  19 and  20. 
DISCUSSION 
The previous method of sampling cultures  (7)  has 
been retained  in the present investigation because 
it  has  revealed  a  reproducible  series  of morpho- 
logical changes in this organism which would have 
remained  undetected  by  studying  single  samples 
of each phase of the standard lag-, log-, stationary- 
growth sequence. The physiological significance of 
this method  of sampling  has  been questioned  (3), 
and it is true that most of the structures occurring 
in  this  organism  cannot  be  described  in  terms  of 
FIGURE 3  Section of a  cell from a  l~-hour culture.  The indistinct structures  indicated 
at I  are assumed to represent early stages in the development of either invaginations of 
the cytoplasmic membrane or chromatophares. The structures here, however, are fewer in 
number and have a relatively high internal density and less distinct membrane than the 
invaginations or chromatophorcs  in cells from  older cultures  in Figs.  13  and  14.  OsO4 
fixation. X  90,000. 
FIGm~ 4  Section of a cell from a  12-hour  culture. The structures at 1, shown following 
permanganate fixation, are assumed to represent early stages in the formation of invagina- 
tions  of the cytoplasmic membrane  (Cm) or  chromatophores,  which become more  nu- 
merous and more distinct in cells from slightly older cultures (Fig. 5).  )< 90,000. 
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ever, from earlier studies that cell-free preparations 
from cultures grown under comparable conditions 
are  photochemically  active,  including  those  from 
12-hour  cultures  (6).  It is also  apparent  that  the 
bacteriochlorophyll  concentration  increases  with 
increasing  age of cells, except for a  lag period  in 
chlorophyll  formation  often  observed  in  young 
cultures  (Fig.  1);  nevertheless,  in  attempts  to 
correlate  bacteriochlorophyll  concentration  with 
the  appearance  of various  structures  within  the 
cell we are handicapped  thus far by not being able 
to  localize histochemically the  actual  site of bac- 
teriochlorophyll within the cell. 
Cells  from  12-hour  cultures  of  R.  rubrum lack 
the  chromatophores  (1,  5,  19)  or  transparent 
vesicles (3)  considered by other investigators to be 
typical  of  this  organism  when  grown  photosyn- 
thetically.  The  lack  of chromatophores  in  Fig.  2 
and the presence of what are assumed to represent 
early  stages  in  the  development  of invaginations 
or chromatophores  in Figs.  3  and  4  indicate  that 
some variation may be expected in different series 
of transfers.  This variation may depend upon how 
thoroughly older cells have been  eliminated from 
the  culture  by  successive  rapid  transfers  before 
the culture  is sampled. 
In  originally  calling  attention  to  the  lack  of 
chromatophores in ceils from young, rapidly trans- 
ferred cultures of R. rubrum (7), it was intended to 
emphasize the difference in structure between these 
ceils and  those  from  older  cultures  in  which  the 
chromatophores  are  both  numerous  and  distinct, 
and form a  characteristic structural feature of this 
organism.  This  difference has  been  confirmed  in 
the present study. 
Invaginations  of the  cytoplasmic  membrane  of 
R.  rubrum have  been  reported  by  Boatman  and 
Douglas (2)  in cells treated with lysozyme, and by 
Cohen-Bazire  and  Kunisawa  (3)  in  cells  treated 
with  ribonuclease  or  grown  at  light  intensities 
which  strongly  inhibit  chlorophyll  development. 
Invaginations  of  the  cytoplasmic  membrane  are 
also reported in the present study,  but since these 
invaginations  were  observed  without  the  use  of 
lysozyme,  ribonuclease  or  inhibitory  light  in- 
tensities,  they  cannot  be  readily  evaluated  or 
compared  with  those  reported  by  Boatman  and 
Douglas,  and  by Cohen-Bazire  and  Kunisawa. 
Inherent  in  the  demonstration  of  the  origin, 
formation,  or building of a  structure  is a  time se- 
quence during which the structure  under  study is 
observed  to assume  the characteristic  appearance 
by which  it  is  recognized.  In  the  absence  of ob- 
servable intermediate steps there can be no definite 
relation between the beginning and the end prod- 
ucts. Without a  time sequence the direction of the 
process  remains  unknown.  In  the  absence  of ob- 
servable  intermediate  steps  in  the  formation  of 
chromatophores,  the  relationship  between  in- 
vaginations  of  the  cytoplasmic  membrane  and 
chromatophores  can  only be  assumed.  If this  as- 
sumption is made,  the absence of a  time sequence 
makes  it equally possible  that  invaginations  pro- 
duce chromatophores, or that chromatophores fuse 
with the cytoplasmic membrane to form invagina- 
tions. 
The  present  results  show  that  invaginations  of 
the  cytoplasmic  membrane  in  R.  rubrurn can  be 
demonstrated  without  prior  enzymatic  degrada- 
tion of the cells, and  that  these invaginations can 
be related to the formation of chromatophores on a 
time  sequence  provided  by  sampling  cultures  of 
varying chronological age. 
Ceils  from  rapidly  transferred  cultures  do  not 
contain  detectable  chromatophores.  The  first 
FIOURE 5  A cell from a ~6-hour culture, showing numerous distinct invaginations (I) of 
the cytoplasmic membrane (Cm) and one or two apparently discrete chromatophores  (C). 
Permanganate fixation. X  70,000. 
FIOURE 6  Portion of a cell from a 26-hour  culture, showing invaginations (1) of the cyto- 
plasmic membrane  (Cm) in greater detail.  All layers of the cytoplasmic membrane are 
involved in the formation of these invaginations. Permanganate fixation. X  150,000. 
FmtruE 7  The enlarged distal end of the invagination at I may represent an intermediate 
condition between the simple invaginations seen in Figs. 5  and 6  and tile invaginations 
indicated at C in Pigs. 8 to 10, where one or more chromatophores are attached to the in- 
vaginations. Permanganate fixation X  110,000. 
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as  relatively  poorly  defined  structures  near  or 
continuous with the cytoplasmic membrane. These 
structures  become  more  distinct  in  sections  of 
ceils from  slightly older  cultures,  and  are  seen to 
be  invaginations  of  the  cytoplasmic  membrane. 
The absence of distinct chromatophores preceding 
the  appearance  of  invaginations  precludes  the 
possibility  that  the  invaginations  may  represent 
points of fusion of chromatophores with the cyto- 
plasmic  membrane.  As the  invaginations become 
more distinct and more  numerous,  configurations 
appear which indicate that the original invagina- 
tions  become  constricted  to  form  one  or  more 
chromatophores  which  remain  attached  to  the 
invaginations. 
This proposed sequence of events creates a  num- 
ber of problems that did not previously exist. When 
and  where  do  the  photosynthetic  pigments  de- 
velop? Are they already present in the cytoplasmic 
membrane, in the invaginations, in the connected 
chromatophores  or  only  in  discrete  chromato- 
phores,  if such exist? What structures are actually 
included  in  preparations  of  isolated  chromato- 
phores?  Is  it  possible  that  some  of  the  range  in 
particle  size  in  chromatophore  preparations  may 
be accounted for by assuming that chromatophores 
in  different  stages  of development  are  included? 
Are  chromatophores  really  necessary  for  photo- 
chemical reactions, or are they merely elaborated 
accessory  structures?  What is  the  source  and  im- 
portance  of  the  material  within  the  chromato- 
phore? The idea of the chromatophore as an empty 
vesicle appears repeatedly in the literature, but its 
appearance  depends  at  least upon  the age  of the 
culture  and  the  methods  employed  in  preparing 
the ceils for  sectioning.  Experimental  approaches 
to  these  and  many  other  questions  have  not  yet 
been attempted. 
The proposal  that "the  photosynthetic appara- 
tus of R.  rubrum is built into  a  continuous matrix 
within the cell"  (3)  may depend  upon  the stages 
of  chromatophore  development  present  in  the 
particular  cells  under  study,  which  in  turn  will 
depend  upon  how  the  cultures  are  grown  and 
sampled.  It  is already  apparent that a  structural 
continuum exists in these cells, initially in the form 
of  invaginations  of  the  cytoplasmic  membrane, 
and  later  while  chromatophores  are  being  dif- 
ferentiated  from  the  invaginations.  It  remains  to 
be  determined  whether  these  structures  contain 
photosynthetic  pigments.  The  presence  of  this 
continuum, however, does not necessarily exclude 
the  existence  of  discrete  chromatophores  within 
FIGURES 8 to  10  Several structures  (C)  indistinguishable from ehromatophores are  at- 
tached to each invaginatiou (I)  of the cytoplasmic membrane. This suggests that one or 
nlore chromatophores are formed by constriction of the invaginations. The two chromato- 
phores (C)  in Fig. 8  are  connected by a continuous membrane. A double iuvagination is 
present at D in Fig. 9. Permanganate fixation. Figs. 8 and 10 from ~6-hour cultures. Figure 
9 from a 4~2-hour culture. Fig. 8,  X  l~0,000; Fig. 9,  X  80,000; Fig.  10,  X  85,000. 
FIGURE 11  An elongated invagination of the cytoplasmic membrane that is not associ- 
ated  with chromatophores. This type of invagination is observed occasionally and may 
represent either a  different type of invagination or one that has failed to produce chro- 
matophores.  From a  ¢6-hour culture.  Permanganate fixation.  X  95,000. 
FIGURE 1~  Separation of the cell wall  (CW) from the protoplast provides no evidence 
for a  structural relationship between chromatophores and the cell wall.  From a  38-hour 
culture fixed  in Os04. Section stained with phosphotungstie acid.  ×  65,000. 
FIGURE 18  Tangential  section  showing  closely  associated  chromatophores.  These 
chromatophores are lower in density and have a  more distinct membrane than those in 
cells from younger cultures.  From an 80-hour culture.  OsO4  fixation.  X  115,000. 
FIGURE 14  Portion  of  a  longitudinal section showing several invaginations (I)  of the 
cytoplasufic membrane. A section through these invaginations, perpendicular to the plane 
of this micrograph, would produce much the same appearance a~ that in Fig. 13. From a 
98-hour culture. OsO4 fixation.  X  165,000. 
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brane, and a chromatophore (C). This type of lamella is usually peripheral in the cell, but no distinct rela- 
tion between these lameilae and the cytoplasmic membrane has been observed. OsO4 fixation. X  140,000. 
FIGURE  16  The circular cytoplasmic bodies shown here have been observed previously (7), and in some 
areas are connected to  one another by lamellae which are continuous with the cytoplasmic  membrane 
(arrow).  OsO4 fixation. Section was not stained.  X  95,000. 
FIGURE  17  The circular bodies observed after OsO4 fixation in Fig.  16 are also found in 
permanganate-fixed  material,  although  here  the  connecting  lamellae  are  not  evident. 
Invaginations of the cytoplasmic membrane are  visible.  The  chromatophores  (C)  in the 
tangential area appear as discrete units.  >(  60,000. 
FIGVRE  18  The peripheral striated area (arrow) has been described as a  "polar  cap"  (3). 
Associated with this striated  area is an accessory dense layer toward  the interior  of the 
cell. This area appears  terminal in this section,  l~-hour culture. OsO4 fixation.  X  95,000. 
I~GVRE  19  The accessory layer and striated area (arrow) in this section are subterminal' 
and a  chromatophore  (C)  is present in the cytoplasm beneath.  From a  98-hour culture. 
OsO4 fixation.  )<  1~0,000. 
FIGURE  ~0  Here the accessory layer and striated area (arrow)  are not terminal and are 
associated  with  chromatophores.  From  an  80-hour  culture.  Os04  fixation.  X  1~0,000. 
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(arrow)  are  subterminal  here.  This section also  illus- 
trates  the  branching  of  R.  rubrum  cells occasionally 
observed  in  sections.  From  an  80-hour  culture.  Os04 
fixation. )<  70,000. 
these cells, and  it is possible that one or the other, 
or  both,  may  be  present  in  the  cells at  different 
times. 
The present  study leaves unanswered  the ques- 
tion as to whether or not chromatophores may also 
exist  within  the  cell  as  discrete  units.  All  of the 
apparently  discrete  chromatophores  seen  in  the 
figures  presented  here  could  be  attached  to  in- 
vaginations  or  to  other  chromatophores  outside 
the plane of sectioning (cf. Fig.  13). 
In  accounting  for  the  chromatophores  isolated 
from  this  organism,  the  possibility  remains  that 
they represent  discrete structures  within  the cells. 
However, an alternate possibility can now be pro- 
vided  by  assuming  that  the  points  of contact  be- 
tween  invaginations  and  chromatophores,  and 
between  several  chromatophores  attached  to  one 
invagination, are structurally weak points at which 
chromatophores could separate from the invagina- 
tion and  from one another to produce the discrete 
chromatophores  isolated  from  these  cells.  It  is 
unnecessary to assume that the isolated chromato- 
phores represent  either fragments  of the cytoplas- 
mic  membrane  produced  when  the  cells are  dis- 
rupted  (3), or even the initial invaginations of the 
cytoplasmic membrane. 
Cytoplasmic  lamellae  have  again  been  found 
in  recent  preparations  of  R.  rubrum  cells.  They 
have not been studied in detail, and although they 
are often located near the cytoplasmic membrane, 
no  continuity  between  these  lamellae  and  the 
cytoplasmic membrane  has  been  observed.  These 
lamellae occur  along with chromatophores  in  the 
same  cell.  Contrary  to  the  statement  of  Cohen- 
Bazire and Kunisawa  (3), there is no evidence that 
these  lamellae replace  the  chromatophores  in  the 
cell, or that they are in any way related to chroma- 
tophores. 
The  only  definite  evidence  for  a  cytoplasmic 
lamellar  system  connected  with  the  cytoplasmic 
membrane  in  R.  rubrum  is  presented  in  Fig.  16. 
The large circular cytoplasmic bodies in this figure 
were reported earlier (7)  and are here found to be 
associated  with  lameIlae  which  extend  to  the 
cytoplasmic  membrane  at  several  points.  There 
is  no  information  as  to  any  possible  relation  of 
these  bodies  to  chromatophores. 
The structure present in Figs.  18 to 21  has been 
described as a "polar cap" (3).  However, this struc- 
ture  is  not  necessarily  polar  and  does  not  neces- 
sarily  lack  association  with  chromatophores  in 
the  underlying  cytoplasm,  as  shown  in  Figs.  19 
and  20.  It may be  remembered  that  R.  rubrum  is 
a  spiral, and that sections which appear to include 
a  polar region of the cell may be merely a  section 
roughly  parallel  to  one  turn  in  the  spiral  (cf. 
reference  8,  Figs.  2  to  9).  Since  flagella  are  the 
only  known  morphological  structures  associated 
with the polar regions of R. rubrum, it will be neces- 
sary  to  study  this  structure  in  cells  processed  for 
sectioning so as to retain their flagella, in order to 
identify the  polar  regions  of the  cell.  Until  then, 
this structure  must remain  as another structure  of 
undetermined  function and  disposition within the 
cell. Should some relation eventually be established 
between  this  structure  and  the  polar  regions  of 
R.  rubrum,  it  is  suggested  that  some  term  other 
than  polar  cap  be  applied,  since  this  term  found 
cytological application  some years ago in descrip- 
tions of the anastral figures associated with nuclear 
division in higher  plants  (4,  17). 
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